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Antibacterial composition containing multimeric alpha-lactalbumin . 

nF.SCRIPTION 

Technical field 

The present invention relates to a novel antibacterial protexn 
and compositions, in the form of pharmaceutical compositions, 
human food compositions, and animal feedstuffs comprising said 
protein to be used in the therapeutic and/or prophylactic 
treatment of infections caused by bacteria, in particular 
Streptococcus pneumoniae and/or Haemophilus influenzae , as well 
as a method for diagnosing infections caused by said bacteria. 



The object of the present invention is to obtain a protein and 
compositions containing said -protein for prophylactic and/or 
therapeutic treatment of infections caused by bacteria, in par- 
15 ticular Streptococcus pneumoniae and Haemophilus influenzae in 
the upper airways, ear-nose- and- throat infections, but also in 
the lower airways, e.g., the lungs by preventing adhesion of 
and/or causing a bactericidal effect on these bacteria. A fur- 
ther object is to be able to diagnose infections caused by 
20 these bacteria. 

B ackground of the invention 

Natural antimicrobial compounds exist in secreted form as well 



25 



as in ce 



lis of immune and non-immune origin 



Human m: 



ilk has been used as a source for the purification of 
such compounds. These previously known compounds include speci- 
fic antibodies to the micro-organism surface structure, casein, 
lysozyme, and oligosaccharides. The mechanism of action differs 
30 between the groups of antimicrobial molecules. Antibodies and 
receptor analogues prevent micro-organism adherence to mucosal 
surfaces. Lysozyme attacks the cell wall etc. 

The term bacterial adherence denotes the binding of bacteria to 
35 mucosal surfaces. This mechanic association is a means for the 
organism to resist elimination by the body fluids, and to es- 
tablish a population at the site where relevant receptors are 
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expressed. In most cases where the mechanisms of attachment 
have been identified it is a specific process. The bacterial 
ligands, commonly called adhesins bind to host receptors. For 
Gram-negative bacteria, the adhesins are commonly associated 
5 with pili or fimbriae, rigid surface organelles that help bac- 
teria to reach the appropriate receptor in the complex cell 
surface. The fimbriae function as lectins, i.e. they show spe- 
cificity for receptor epitopes provided by the oligosaccharide 
sequences in host glyco-con jugates (13). For Gram-positive bac- 
10 teria, on the other hand, the adhesins are not expressed as a 

surface organell. but rather linked to cell wall components and 
lipoteichoic acids (21,22). The receptor epitopes for Gram pos- 
itive bacteria may consist of oligosaccharide sequences but can 
also be provided by peptides e.g. in connective tissue protei. 
15 (10). 

The functional consequences of adherence depend on the virulen- 
ce of the bacterial strain, and on the form of the receptor. 
When cell-associated, the ligand receptor interaction facili- 
20 tates colonization and tissue attack (8). When secreted the re- 
ceptor molecule will occupy the adhesins. and competitively in- 
hibit attachment to the corresponding cell-bound receptor. Hu- 
man milk is a rich source of such competing soluble receptor 
molecules . 



25 



The ability of specific antibodies to inhibit attachment xs 
well established. This was" first" demonstrated for Vibrio chole^ 
ra and oral streptococci. The anti-adhesive antibodies may act 

in either of two ways: 
30 1) Antibodies to the receptor binding sites of the adhesin com- 
petitively inhibit receptor interaction or 

2) antibodies to bacterial surface molecules which are not di- 
rectly involved in adherence may agglutinate the bacteria and 
thereby reduce the number of organisms available for binding. 

in either of the above cases the " anti-adhesive activity of the 
antibody is attributed to the specificity of the antigen-com- 

- 2 - 
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bining site. Recently an alternative mechanism of interaction 
between secretory igA and coli based on lectin -carbohydrate 
interactions was identified. 

5 Human milk drastically inhibits the attachment of Streptococcus 
pneunmiae and Haemophilu s influenzae to human nasopharyngeal 
"epithelial cells. It contains antibodies to numerous surface 
. antigens on these organisms, e.g.. the phosphoryl choline and 
capsular polysaccharides of pneumoniae, the lipopolysaccha- 
10 ride and outer membrane proteins of ^ influenzae . Accordingly, 
some of the anti-adhesive activity in milk resides in the 
immunoglobulin fraction . 

The remaining anti-adhesive activity in the non-immunoglobulin 
fraction of milk may be explained by two types of molecules: 
free oligosaccharides and glycoproteins in the casein fraction. 

Human milk is unique with regard to its content of complex car- 
bohydrates. The free oligosaccharide fraction of milk is domi- 
nated by the lactoseries and with improving methods of isola- 
tion and characterization of carbohydrates more than 130 oligo- 
saccharides containing up to 20 monosaccharides per molecule 
have been identified. 

An- anti-adhesive activity against oneumoniae in a low mole- 
cular weight fraction (<5 kDa ) of milk was explained by the 
free oligosaccharides. In contrast there was no such effect 
against H_;_ influenzae ( 15 ) . 

An anti-adhesive activity of high molecular weight components 
of milk was localized to the casein fraction. Human casein 

— ^ = jKoT-onr-P both of S. pneumo niae and H_l 
drastically reduced the adherence ootn or — . 

influenzae (15). This effect was species specific. 

Alpha-lactalbumin is a mettaloprote in , which shows some degree 
of heterogeneity depending on Ca(II) saturation and/or glyco- 
sylate (1). Alpha-lactalbumin acts as a specifier protein m 
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the lactose synthase system. During lactation, alpha- lactalbu- 
min is forced in the mammary gland and it alters the substrate 
specificity of the galactosy transferase enzyme from N-acetyl 
glucosamine (GlcNAc) to glucose (Glc). enabling lactose syn- 
thesis to take place: 



10 



20 



25 



UDP-Gal + Glc 



30 



GT 

^ Lactose + UDP 



alphaLA 

Multiple forms of bovine, pig. sheep and goat alpha-lactalbumin 
have been isolated and well characterized (2.3). These multip- 
le forms differ in a few amino residues or the number of dx- 
sulphide bonds (4. 5) but are all active in the lactose syn- 
15 thase system. The physiological relevance or functions of these 
different forms of alpha-lactalbumin are not Known. Alpha-lact 
albumin has undergone a high rate of evulotionary _ change and xt 
shows homology with lysozyme (1). These two proteins are 
thought to originate from the same ancestral protexn. Whereas 
lysozyme is Known as an anti-bacterial agent, 
has not yet been found to have anti-bacterial functions. 

n p.criDtion nf the present invention 

The present invention describes the identification of a new 
antibacterial protein or group of proteins from mil*. The pro- 
tein comprises a multimeric form of alpha-lactalbumin. 

in the following this protein, or group of proteins, is ab- 
breviated ALLP. Anti-adhesive Lactalbumin Like Protexn. 

The term antimicrobial or anti-bacterial protein used in the 
context of the present invention means here and xn the fol ow- 
ing a protein which inhibits adherence of micro-organxsms to 
tissue and/or exerts a bactericidal effect on 

Further characteristics of the invention will be evident from 
the accompanying claims, 

- 4 - 



35 



BNSDOClD:<WO 9604929A1> 



15 



PCT/SE94/00742 
WO 96/04929 

* t i described more in detail with re- 
The present invention will be aescnoea 

ference to the example given below. 
EXPERIMENTAL 

Purification of the active anti-adhesive and bactericidal pro- 
tein (ALLP) 

Milk samples from lactatirig women were screened for anti-ad- 
hesive activity against L pneumoniae and H, influenzae . About 
" 50 1 of breast milk with high anti-adhesive activity was col- 
, le cted from one healthy donor and used for the purification of 
ALLP . About 5 1 of" milk was thawed at a time and centrifuge* to 
remove fat. Casein was prepared from the defatted milk by acid 
precipitation at P H 4.6. ALLP was purified as outlined below: 

(i) Ion-exchange chromatography of casein. 

Casein was fractionated using an ion-exchange column ( 14 cm x 
1 5 cm) packed with DEAE-Tris- acryl M (LKB. Sweden) attached to 
an FPLC (Pharmacia, Sweden) using a NaCl gradient'. 100 mg of 
the lyophilized casein was dissolved in 10 ml of 0.01 M Trxs- 
HC1 PH 8.5. After centrif ugat ion , the sample was directly app- 
lied to the column and the run was under the following condi- 
tions: buffer A: 0.01 M Tria-HCl. pH 8.5; Buffer B: buffer A 
containing 1 M N.C1/1. Gradient program: from 0-3 ml 100%A^ 
from 3-60 ml 15% B ; from 60-85 ml 25% B; from So-87 ml 100% B , 
25 from 87-89 ml 100% B for. 2 min; from 89- 120 ml 100% A. The gra- 
dient was not linear, but was interrupted at the elution of 
' each peak for better separation . Flow rate: 1 ml/min. recorder 
0.2 cm/min. The buffers were degassed and filtered through a 
0.22- filter before use. The peaks were monitored at 280 nm 
30 and the fraction size was 3 ml. Fractions were pooled as shown 
(FIG. 1A). The pools (I-VI-, were then desalted by dialysis 
membrane cut off 3.5 kD) against distilled water for at least 
48 hrs. lyophilized and tested for anti-adhesive activity. 

35 (ii) Gel chromatography of pool VI 

100 mg of the active pool VI obtained after repeated FPLC frac 
tionations of casein, were dissolved in 7 ml 0.06 M sodium 

- 5 - 
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phosphate buffer, pH 7 . 0 and applied to a Sephadex G-50 (Phar- 
macia, Sweden) column (93 cm x 2.5 cm). Flow rate was 30 ml/hr, 
peaks were monitored at 280 nm, 3 ml fractions were collected 
and pooled as shown (FIG. 2A). The pools were desalted by dia- 
5 lysis, lyophilized, tested for composition and for anti-adhe- 
sive activity. 

Ion-exchange chromatography of commercial alpha- lactalbumin . 
20 mg of commercial (Sigma) human or bovine alpha- lactalbumin 

10 were dissolved in 2 ml 0.01 M Tris-HCl, pH 8.5. The ion-ex- 
change chromatography of alpha-lactalbumin was under similar 
conditions as described above for the fractionation of casein. 
The NaCl gradient was linear .;( not interrupted ) , flow rate was 1 
ml/min, 3 ml fractions were collected and pooled as shown in 

15 FIG. IB. The pools were dialysed, (membrane cut-off 3.5 kD), 
lyophilized, resuspended to the required concentration and 
tested for anti-adhesive activity. 
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Gel chromatography of commercial alpha-lactalbumin 
Approximately 8-10 mg of commercial human or bovine alpha- 
lactalbumin (Sigma) were dissolved in 3 ml 0.06 M sodium phos- 
phate buffer, pH 7.0 and fractionated on the Sephadex G-50 
column as described above. Flow rate was 30 ml/hr, peaks were 
monitored at 280 nm , 3 ml fractions were collected and pooled 
as. shown (FIG. 2B). The pools were desalted by dialysis (mem- 
brane cut-off 3.5 kD) against distilled water for at least 48 
hrs, lyophilized, tested for composition and for anti-adhesive 
activity. 6-8 mg retained of the material retained and eluting 
after 1 M NaCl during ion-exchange chromatography of alpha- 
lactalbumin were dissolved in 5 ml 0.06 M sodium phosphate 
buffer pH 7.0 and subjected to gel chromatography on the G-50 
column as described above. 3 ml fractions were collected and 
pooled (FIG. 3). The pools were desalted, lyophilized. and 
tested for anti-adhesive activity. 

Polyacrylamide gradient gel electrophoresis ( PAGGE ) . 
Analytical PAGGE was performed using 4-20% polyacrylamide pre- 
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cast gels (Bio-Rad, Richmond, CA ) on a Bio-Rad Mini Protean II 
cell. To 10 .ul (5-10 mg/ml) each of the lyophilized fractions, 
an equal volume of sample buffer (13.1% 0.5 M Tris-HCl, pH 6.8, 
10 5% glycerol, 1.2% SDS and 0.05% bromophenol blue) was added. 

5 20 ul of each was then loaded on to the gel which was run in 

Tris-glycine buffer (pH 8.3) with 0.1%SDS at 200V constant vol- 
tage for about 40 min . Staining of the proteins was made by im- 
mersing the gel in Coomassie Blue solution (0.1% in 40% methan- 
ol. 10% acetic acid) for about 0.5 hr. Destaining was by seve- 

10 ral changes in 40% methanol, 10% acetic acid until a clear 
background was obtained. 

Ion desorption mass spectrometry 

ALLP and commercial alpha- lac talbumin were analyzed by ion- 
15 desorption mass spectrometry. 

Bacteria t 
S. pneumoniae (CCUG3114 and 10175) and H influenzae (Hxl98) we- 
Te used throughout the experiments. These strains were known to 
20 adhere well to human nasopharyngal epithelial cells in vitro. 
These strains were initially isolated from the nasopharynx of 
children with frequent episodes of acute otitis media. The 
strains were kept lyophilized and were transferred to blood 
agar (10175) or Levinthal medium agar plates (Hi 198). oneu^ 
25 moniae was cultured for 9 hrs at 37°C in liquid medium (17), 

belted by centr if ugation and suspended in 1 ml of 0.9% NaCl 
" with 1% choline. influenzae H1198 was cultured for 4 hrs xn 

Haemophilus medium (18), harvested by centrif ugat ion and sus- 
pended in phosphate-buffer saline, (PBS). 

30 

Adhesion inhibition 

Adhesion and inhibition of adhesion was tested as previously 
described (15. 19). In brief epithelial cells from the oro- 
pharynx of healthy donors (10 5 /ml) were mixed with the bacte- 
35 rial suspensions (10 9 /ml). After incubation of bacteria and 

epithelial cells, unbound bacteria were eliminated by repeated 
cycles of centrif ugat ion and resuspension in NaCl with 1% cho- 

- 7 - 
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line (10175) or PBS (Hi 198). 

The inhibitory activity of the ^different fractions was tested 
by preincubation with bacteria for 30 min at 37°C prior to ad- 

5 dition of epithelial cells. The number of epithelial cells at- 
tached was counted with the aid of an interference contrast mi- 
croscope (Ortolux II microscope with interference contrast 
equipment TE Leitz, Wetzlar). Adherence was given as the mean 
number of bacteria /cell for 40 epithelial cells. Inhibition was 

10 given in per cent of the value of the buffer control. 

RESULTS 

Properties of ALLP 

ALLP was purified from human milk by fractionation of casein by 
15 ion-exchange chromatography and f ractionantion of the pool 

eluting after 1 M NaCl by gel chromatography. The ion-exchange 
fractionation profile of casein is shown in FIG 1A. Eluted 
fractions were pooled as indicated and tested for anti- adhesive 
activity. Pool VI retained the anti-adhesive activity of ca- 
20 sein; this pool inhibited the attachment of S^ pneumoniae and 
influenzae by more than 80% of the control (Table 3). The 
remaining fractions were inactive and were not analyzed fur- 
ther. 



25 



30 



35 



Pool VI was fractionated by gel chromatography on the Sephadex 
G-50 column. The fractionation profile showed two distinct 
well separated peaks (FIG. 2A). Eluted fractions were pooled as 
shown, desalted, and tested for anti-adhesive activity. Pool- K 
retained 98%.. of the anti-adhesive activity against pneumo- 
niae an d 91% of the activity against influenzae. Pool L was 
inactive (Table 3). 

Analytical PAGGE of pool K showed the presence of bands in the 
14-15 kD region, one band in the 30 kD region, and two bands 
stained in the 100 kD region. Pool L showed the presence of 
only one band in the 14-15 kD region (FIG.. 2A. inset). The N- 
terminal amino acid sequence analysis showed that the bands of 

- 8 - 
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oool K were similar and were identical to the N-terminal se- 

nce ofhuman alpha- lactalbumin . The active anti- adhesrve 
quence of human y «r) he sive Lact albumin 

protein in pool K was designated as Anti-adhes ve La 
Like Protein ( ALLP ) . ALLP reduced attachment of both 
5 teniae and H, infi™ by about 60% at a concentration of 

1 mg/ml. 

m*c;s soectrometry of ALLP 

"he results from analytical PAGGE suggested that ALLP .„ht oc- 
10 cur in a multimeric £ orm. By ion laser desorption mass spec- 
trometry, ALLP showed three distinct mass fragments (12 and 
3 at 14X28.7 „/.. 284,0.5 m/z and 42787. S m/z. -spec - 
,' 4) These fragments agreed with the monomers (14 m/Z), 
dimeric ( 28 ■/„ and trimeric (42 „„ , mass ranges of the pro- 
15 tein. 

comparison of ALLP and commercial alpha-lactalbumin ^ 

n tested for anti-adhesive activity, commerce! alpha-lact 
, not inhibit the adherence of pneumoniae or ^ 
even at a concentration of 10 mg/ml (Table 4). ALLP 



When Tiesteu j-wo. ^ . u 

al bumin did not inhibit the adherence of U pneumoniae ^or ^ 

20 influencae — - - -- e 100 kD re . 

showed stained bands =.n the 14-15 KB, „„,„ 



gi ™ w as the commercial alpha - lactalbumin stained only 

bind in the 14-15 KO region. The N-terminal amino ac.d se- 
quence of ALLP showed complete homology with the sequence of 
25 human alpha- lactalbumin. 

The lack of anti-adhesive activity of commercial alpha-lact- 
The lack or a ^ & difference in 

albumin, as compared to ALLP, mignt 

<^r™ Therefore commercial human alpha-lact 
their molecular forms. Tnerexoxe ^. ^ 

^ *. -i^r, i S Q«T desorption mass spectro- 
albumin was subjected to ion laser aesorp 

metrv The spectrum showed only one mass fragment at 14 128.7 
metry. The spec monome ric form of alpha-lactalbumin 

m /z corresponding to the mono comme rcial human 

(calculated molecular mass = 14. 079 kD ) . in 

form and lack6 d anti- 
alpha-lactalbumxn was the mult im.ric and 

35 adhesive activity, whereas. ALLP was influen zae to 

. ^ q pneumoniae and H. mtiuenzae ^.^ 
inhibited the attachment of pneumon 

human oropharyngeal cells in vitro. 

- 9 - 
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Ion-exchange chromatography of human alpha-lactalbumin 
In order to test the effect of ion exchange chromatography on 
the anti-adhesive effect of commercial human alpha-lactalbumin , 
20 mg of the commercial sample was applied onto the Tris-acryl 
column. The ion-exchange profile is shown in FIG. IB. About 50% 
of the material applied was retained on the column and eluted 
after the application of 1 M NaCl (arrow, FIG.. IB). The diffe- 
rent fractions were pooled as shown. After desalting and lyo- 
philizat.ion the fractions were reconstituted to a concentration 
of about 5-10 mg/ml and tested for anti-adhesive activity. 



15 



Anti-adhesive effect of human alpha-lactalbumin after ion-ex- 
change chromatography 

Before ion-exchange chromatography commercial human alpha-lact- 
albumin lacked anti-adhesive activity (Table 4). After it was 
subjected to ion-exchange chromatography , the pool which was 
retained and eluted with 1 M NaCl (pool LA.,, FIG. IB) inhibited 
the attachment of both pneumoniae and influenzae by more 
than 95% of the value of the control (Table 4). The other pool 
20 (LA 1 ) obtained was inactive. 

Gel chromatography of human alpha-lactalbumin before and after 
ion-exchange chromatography 

Since about 50% of the commercial human alpha-lactalbumin had 
become active after ion-exchange chromatography it was decided 
to check the mobility of the alpha--lactalbumin and pool LA 2 o 
gel chromatography. 
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35 



The G-50 gel chromatographic profile of human alpha-lactalbumin 
before ion-exchange chromatography is shown in FIG. 2B. The 
alpha-lactalbumin eluted as a single peak, which gave a single 
band (14-15 kD) on PAGGE analysis (inset, FIG. 2B) . This pool 
LA was found to be inactive when tested for anti-adhesive acti- 
vity ( Table 4 ) . 

The gel chromatographic profile of the active pool LA.,, obtain- 
ed after ion-exchange chromatography of alpha-lactalbumin is 

- 10 - 
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, Tnis po ol eluted as two well separated peaks 
sho „n in FIG > ' ^J^^ to the eluting volu.es of peaKs 

U /the casein (FIG. 2A). When tested for anti-adhesive 

K and L of the < activity against bot h L » 

activity pool 1 retained inactive (Table 4). 

^ and H, influenzae , whereas pool 2 was 

a vw analytical PAGGE a pattern similar 
to that of bands at 100 kD region. Pool 2 gave a 

rCrr- U \«-» » region. » — .c 

alpha-lactalbumin (inset, FIG. 3). 

^parties of c^-^^^^rcotr^'conv^- to 

wa s deeded to « ion .e*change and ge 1 chro.atogra- 

end to test xt ^ hMtve activity . hovine .lph.-l.ct- 

anrt H influe nzae (Table o J . 
of s. pneumoniae ana iiii — 

, *,« i.rtalbumin were subjected to ion-ex- 
■20 mg of bovine alpha - lactalbu m itions describe d above 

change chromatography under ^^^^ applied to the 
for human alpha-lactalbumin 30% o ^ ^ 

column was retained an e u d^ ^ aipha . lactalbumin 

^ -rn was t0 alpha - la ctalbumin , corresponding 

(FIG. IB). Pool BL 2 of alpha -lactalbumin 
to the -ution volume o, Poo ^ ^ ^ 

lF1G - " } "d of H influenzae by more than 80* of the value of 

0 than 95% and of . — 

the control (Table 5). 



35 



. r , to ge l chromatography on the G-50 column as de- 
» h ™ SUb3SCted " £ Ilph.-laotalhu.in eluted as a single pea, 
sorihed ahove. * volume o£ hum an alpha- lactalhu^n 

correspond,^ to he e ^ ^ fl 

( FIG. 2B). m contrast, tne obtained for 

two distinct peaXs corresponding to pools 
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, rTfa 3). The pool eluting just after 
human alpha - lact albumin (FIG. 3). P retain- 
er rniumn (corresponding to pool u 

5 ALLP, whereas, the inactive y 
14-15 kD region. 

o£ the commercial bovine alpha-lactalbumin was 

Thus a port of the multimeric £orm by ion-exchange 

also converted to tne o<_ >- 
10 chromatography. 
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Bsctericia.l effect ^ a ^ Bactericiflal effect 

The sen t all nneumoniae being Known to be 

coli , influenzae and cath- 

v, tha different bacterial strains were inoculated onto 
The Th%iates after incubation with ALLP in different concent- 
growth plates att determined at inocula- 

: i0n n ' Tabie'l b io. shows the viable counts after 

containing !0 ^ °* -LP co.parea with the control. 
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Table 1 



irnil on S. p neumoniae s 
'iable counts tcru) o» ^z. 



trains after exposure to 




10175 



control 2x10 



ALLP 



2x10' 



15006-92 control 1x10 



1x10 



2x10 



ALLP 



2x10 



1x10" 



1x10" 



1x10 
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T^hle 1 cont'd 



viflhle counts ( CFU ) 

2h 
1x10' 



Strain 






0.5h 
1x10° 


designation 
5 14060-92 


control 


Oh 
9vi0 6 

£. X X a 




ALLP 


2x10 




15256-92 


control 


1 ylO 6 
IXiv 

, ~6 


2xl0 6 




ALLP 


2x10 




14326-92 


control 


4X1U 


2xl0 5 


10 

Prag 1828 


ALLP 
control 


7x10 

D X 1U 


2xl0 6 




ALLP 


5x10 




14091-92 


control 


3x 1U 


5xl0 5 




ALLP 


7xl0 5 




15 14117-92 


control 


ZX 1U 


2xl0 6 




ALLP 


2x10 


1 vin 3 


14612-92 


control 


3xl0 5 




ALLP 


3x10 




Dk 84/87 


control 


, in 7 
1x10 


^xlO 6 


20 

14007-92 


ALLP 
control 


3x10 

1 1 A ^ 

1x10 


4 

5x10 




ALLP 


1x10 




14030-92 


contro 1 


5x10 


2xl0 6 


ALLP 


5xl0 6 


2X10 1 


25 14423-92 


control 


6x 10 


6xl0 6 


ALLP 


2x10^ 


3xlt) 


4502- 93 


control 


4 x 10 

4 






ALLP 


5x10 




SA44165 


control 


2xl0 5 


5xl0 3 


30 

1017-92 


ALLP 
control 


3x10 
lxlO 6 


5xl0 5 




ALLP 


9xl0 5 


4 


317-93 


control 


4 

4x10 


1x10 




ALLP 


2xl0 3 




35 760-92 


contro 1 
ALLP 


2xl0 7 
8xl0 6 


2xl0 6 



2x10- 



2x10 



5x10' 



1x10' 



2x10 



2x10 



2x10 



4x10' 



2x10' 



1x10 



4x10' 



5x10' 



1x10 



4h 



4x10 



2x10' 



1x10" 



6x10 



6x10' 



1x10 
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Strain 
designation 
Hun 859 control 
ALLP 

Hun 963 control 
ALLP 

BN 241 control 
ALLP 



6x10 
3xl0 5 
lxlO 7 
5xl0 € 
4xl0 ( 
2xl0 ! 



3x10" 



4x10 



5x10 



IxlO - 



2x10 



Table 



15 



20 



25 



30 
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Strain 
designation 




Oh 


S. mitis 


cont rol 


lxlO 6 


116 


ALLP 


lxlO 6 


S. sanguis 


control 


5xl0 7 


197 


ALLP 


3xl0 7 


E . coli 


control 


6xl0 6 


60 


ALLP 


7xl0 6 


4 


control 


5xl0 6 




ALLP 


5xl0 6 


h. • influenzae control 


4xl0 7 

■7 



3x10 

2x10° 

5xl0 6 

5xl0 6 

5xl0 6 



6x10' 



2x10' 



4x10 

2xl0 2 

3xl0 € 

1x10 ' 

5xlO f 

1x10 




lxlO - 



5x10 



3xl0_ 
2xl0 ; 
7x10* 
2x10 
2xl0 : 
<lxl0' 
3xl0 ! 
2x10' 

2x10' 



2x10- 

O = beta-lactamase producing 

A do., respond curve w aS ^ .P —a on t*. *>""£^ 

, fl nc a 4- different levels of admini 
feet on S. pn eumoniae 10175 at ai.rrerent 

feet on ^ E control (no addition). Thereby 

stration of ALLP compared with control i 

Ministered at 0.1 mg/ml, 0.5 mg/ml , and 1.0 tng/ml. 
ALLP was administerea a u » 

" - 14 - 
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respectively. The graph rained is shown 1» FIG. 5 " " 
tBerefro « as little as 0.1 mg/ml °* P«~"" 3 * a " e "- 

cidal effect on pneumoniae. 

5 The viable counts were further determined using different con- 
trol -oteins. viz. .ovine serum alpine ,BSA,. alphalacta - 
bumine (bovine origin,, lactoferrin (bovine orxgrn, xn a con- 
centration of 10 mg/ml. and control (no protein, As ev.dent 
Lorn «C. 6 these proteins had no bactericidal effect on L 

10 pneumoniae 10175. - 

A new for. of alpha-lactalbumin (A.lp, with »«-'"<-' 1 « ' ^ 

tivity and bactericidal effect against the respiratory ract 
pathogens S. pneumoniae and H, influenzae was thus isolated 
l5 Tnd charac7er!^cTa human mil* sample. Commercial uman or 
bovine alpha -lactalbumin lacked anti-adhes.ve activity ,n the 
assay system. A portion of the commercial human and bovxn. 

4-~^ + ^ artive form by ion exchange 
alpha-lactalbumin was converted to active form y 

v,, The active and non-active forms of alpha- 
rhromatoaraphy . Tne active an 

chromatog p y mobilities on gel chromatography 

20 lactalbumin showed different mu 

and their staining patterns on gel electrophoresrs w r also 
different. By ion-desorpt ion mass spectrometry analysis M£ 
„ a s found to be in the trimeric form, whereas ^ 
iactalbumin was monomeric. The activated forms of c«n.- -1 
2 5 human and bovine alpha-lactalbumin showed gel pat ern m 
, to the trimeric form. A portion of the- monomerxc 
lactalbumin was separated from the multimenc 
f ound to be inactive in inhibiting the adherence of both ^ 
»„H H influenzae. The three forms of alpha-lact 
°™"° ^ *7 ^ftrTTexisted in some sort of equilibrium 
30 albumin (mono, di and tri) existe „ iC = f „llv be 

after ion-exchange chromatography and could not successfully be 
separated from each other. This proposes that the 
adhesive alpha-lactalbumin ( ALLP , is a mult.merrc for. not pre 
riously identified in human milk. 



35 



v : 

n f allp in a previous casein preparation was 
- 15 - 
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10 



15 



20 



25 



. ., v , 16) It retained all of the anti-adhesive .cavity o£ 
"and tnus could be follow.* during the purification pro- 
casein and thus co . talbumin has not previously been 
oedure, Th,s for. Of ^pha ^ ^ _ ly stuflie , o£ the 

disclosed to be Present anti _ aahesi ve effect of human 

present inventors shoved thatt ^ indepen ae„t 

mil* against 8, pnfiffl^E ™ * [tft^aTconcentrated in a 

from the * C , Lever, found to have both a 

oasein fraction 3. x b acteri=idal 

hactencldal £ouna „ be more pr o„ounced against 

effect — P"'" 4 H „ Ia , The anti-adhesive activity 

- E2£ Tlnfact .«« r=^ToT«.. fatty acids fro™ casein, 
remained intact after ._ bition o£ ALLP was found to be 

Th e mechanism of ^■-^ MtMt . carb ohydrate ana- 
independent from its «^ on one mo „ osac ch,ride 

ly sis of -- -^ ™ ZZ2,e. removal of this monosacche- 
unit associated with tne m anti-ad- 

rid e unit -^ — "r^rcc^arcial forms of human 
hesi ve ef ec t of A - ^ be activata d by ion-exchange 

and bovine * e unlikely that the carbohydrate play 

:„T::iri: p tn; . bactericidal «* — 

tested by the biological analysis system. 

- • »ntlv a whey protein, alpha- lac talbumin is usu- 
Being predominantly a wh y P ^ £ractions „ f 

al ly purified from ^ ^ , mul timeri= forms have 

„hey. Since - — ^omatography . the active multi- 
afferent mcbili ies on g ^ ourification pro cedures. It is 
m eric forms are lost du operations of alpha- 
thus not surprising £ „ nl „ in the present sys- 
la ctalbumin lac*e ant -a he v ^ ^ 

from mil, o disolph id, bonds and a form of bovine 
forms consist of four — h ave also been 

alpha-lactalbumin di P aif£e rent forms 

delated ,5,. Thecal olog ical- ^ 

of -IP—""- 160 " 1 " " ^ et . 11MBlll completely lacKed biologi- 
that the monomelic alpha-lactai 

- 16 - 
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• ■« ^hP present system. Aggregation and polymeriza 

.-I Activity in tne present 

" 0 „ may therefore be an «-« in - anti-adhesive 



ac 



10 



15 



tivity of ALLP against i pneumoniae and H, i nfluenza. . 

The present data demonstrate that the multimeric alpha-lact- 
aibumin is active in adhesion inhibition of the respiratory 

act pathogens and can thus play a roie in 
acainst respiratory and gastro-ihtestinal infections. It is 
against P ide on at leas t S, pneumoniae, even 

also active as a oaciei itiu 
those being resistant to antibiotics. 

COMMENTS influen zae are important causes of morbi- 

S pneumoniae and iniiUClua ■ . ^ 

7it y and mort ality in all age groups. Bespiratory tract infec- 
tions e.g.. meningitis, otitis, and sinusitis are caused by 
bacteria lich enter via the nasopharynx. Colonization. t 
site may thus be an important determinant of disease ,18). The 
finding that a specific alpha- laotalbumin derived from human as 
^bovine mil* inhibits attachment of 

■KKtv to prevent colonization by specific interfe- 

20 ^r-: ««^t ««• ™ The bactericidai 

effect is hereby of importance as well. 

Th e — ce of the antimicr bial ~ 

"" ■ ^™ tract infections and acute otitis media 

ITo" r ;rrac eri/l slecies discussed in this application are 

\ _t bacterial causes of AOM . viz. Haemophilus 

the most frequent bacteria^ 

Qtrpntococcus pneumoniae . 
influenzae and strepm^^ * 

A s evident from the data sho«n the alpha - iactalbumin obtained 
L the human or bovine mil, inhibits "V ^"f^. 
pneumoniae and J, influenzae to human respiratory tract epi 
thelial cells in vitro. 
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^ ri al adhesion to oropharyngeal cells after ineub.tion w.th 
'Ze hu.an mil., casein, ana- casein fractions ohtaine* after 
ion-exchange chromatography on DEAE-Trisacryl 




Saline control 
Human milk 
Casein 
Pool VI 
Pool K 
Pool L 



150 (100) 
25 (17) 
4 (3) 
14 (9) 
3 (2) 
150 (100) 



200 (100) 
70 (35) 



10 
22 
17 
178 



(5) 

(ID 
(9) 
(89 ) 



15 



20 



^rial adhesion to oropharyngeal cells after incubation wxth 
IIZ aloha-lactalbumin an, the fractions obtained after .on- 
exchange chromatography and gel chromatography. 



25 



Sample 
Saline control 
Human alpha-lactalbumin 

Pool LA^ 
Pool LA 



Adhesion 



S . pneumoniae 
Mean ( % L 
138 (100) 
124 (90) 
4 (3) 
128 (93) 



H . influenzae 
Mean ( % ) 
130 ( 100) 
110 (85) 
9 (7) 
76 (58) 
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n= after incubation with 
ropnaryngeal cells after i 
• the fractions obtained after ion- 

bo vine alpha- lactalbumin a ; * the ^ 

exchange chromatography and g 



Table_5 

Bacterial adhesion to o 



10 



Sample 
Saline control 
Bovine alpha-iac^a 
Pool BL 2 



S . pn eumoniae 
Mean ( % ) 

138 (100) 

130 (94) 
3 (2) 



Ad hesion 

-influenzae 
Mean (%) 



130 (100) 
99 (76) 
18 (14) 
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APPLICATIONS invention can be admini- 

The alpha-lactalbumin of . th . P ^ ^ an 

stered in the form. of an o composition . In any case the 

able composition, or- a top toqether wi th commonly known 

p rotem is normally ^ are pharmaceutical 

-Fillers and/or expeui 
carriers , ii iieL& 

acceptable. 

£or W lc.l «» .olut.cn n ^ ^ ^ ^ ^ 

tM p t o«i, «^ the ;; a : th be an inhaled tn ,«» .or* of a -i« »» 

the nasopharynx, or can o 

the upper respiratory airways. 

■ normally administered together with 
In oral-use **. prot.xn is nonn-l y ^ ^ ^ 

a carrier, which may be a . Qns are a further 

^ 0 These pharmaceutical prepa acti ve 
or a capsule. Thes P Usually the amount of acti 

object of the present n % ^ ^ preparatlo n. 

compound is between 0.1 . n prepara tions for 

preferably between O.o to ^ ^ preparations for 

injection and between 2 and 
oral administration. 
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oration, containing a protein of the pre- 
In pharmaceutical P«P" a unit3 £or oral admi- 

sent invention in the ^ I ^,1 with a .oil*, pulverulent 
ni stration tne "^7^ saccha rose . sorbitol, 
carrier, as e.g. ««i 1-=V • amylopectin . eel- 

starch, such as potatoe star ■ ^ ^ ^ ^ ant . £rlction 
lu lose derivatives or gelat, 5tea rate. polyethy- 

ag ent such as ""^ ^ be pressed into tablets, 

lene glycol ««» ° r tM ' be prepared as well. Tablets 

Hultiple-unit-dosage 9«»» l " "» e coatad „ ith concentrated 

a „d granules of the 'hi cores als0 be coated with pol- 

solutions of S ; 9 " et e h ; aissoluCi on rate in the gastrointes- 
ymer s which change the d ^.^ = p of above 

tinal tract, such as >»^J oropy lmethyl cellulose phtalat.. 
5 . 5 . such POlV- lll ^Zl powers sold under the trade 
cellulose acetate phtalate. 
ma rk Eudragit S100 and L100. 

, Tatine capsules these can' be soft or 
in the preparation of gelat ^ ^ with an 

filled therein. 

£o r oral administration can be present in 
Liquid preparations for or solut ions containing 

^-r- cnqnensions, e.g., ° w 
the form of syrups or SUSP ^ ^ ^ q{ the 

s fr « about 0.2 % by «*« propylene giycol. "f 

tive co-pound disclosed, an g colouring .„.„„ . f la- 

desired. --;7; c X l r Tne. and carbo X y.ethyl cellulose as., 
vouring agents, saccna 
thickening agent. 

, the active compound varies and is -P« a " tt 
The daily dose of the " but as . general rule ,t 

on the type of ■*«"*-£ iv . compoun d at peroral administ- 
, s l to 100 »g/ao.. of act Ministration. The 

ration, and 2 to 200 mg/do. . » P rf ^ . anlUli .«.„on 

35 number of applications per 2 ^ ^ _ appllcatlo n 

route, but may ;7;/ 6 9 ; ines per 34 hrs . 1.... depending on 
in the nose from 3 to 



1 
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, r-oci bv the body treated in therapeutic 
the flow of Phlegm produced by the y de of 

use. in prophylactic use the number *ay be on the 



the range given 



nrpferably be used in prophylactic treat- 



rhinitis virus 



ten in disintegrated form. 

. of protein administration to animals they are nor- 

- «—*•«•• — — the protein con ~ 

20 tains commonly used nutrients. 

a further aspect of the invention there is 
In accordance with a furtner y one umo- 

■* * » orocess for determining the presence of pn?u 

prov^ed a process ^ ^ ^ ^ ^ 

. cocci and influenza^ DroceS s is based on the tech 

nique of determining the aegr Dresen t invention 

- — ° £ th \i:rr:: 
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CLAIMS 

7~^Te use of a multimeric alpha-lactalbumin in the preparation 
of therapeutically and/or prophylactically active antibacterial 
preparations, against infections, preferably of the respiratory 
tract, caused by bacteria, in particular pneumoniae and/or 
H . influenzae . 

2 Use according to claim 1. wherein the multimeric alpha- 
lactalbumin is present in a mixture of monomeric , dimeric and 
trimeric forms* 

3. Use according to claim 2. wherein the monomeric, dimeric , 

present in a weight ratio of about 
and trimeric forms are present xw a 

15-7:5-2:1 

4 Use according to claim 3, wherein the monomeric. dimeric, 
and trimeric forms are present in a weight ratio of about 
10:3:1 

5 Pharmaceutical composition comprising a therapeutically ac- 
tive amount of a protein as defined in any of claims 1-4 for 
■the therapeutic and/or prophylactic treatment of infections, 
preferably in the respiratory tract, caused by bacteria, m 
particular pneumoniae and/or influenzae. 

6 Food and feed-stuff comprising., an active amount of a prote- 
as defined in any of claims 1-4 for the therapeutic and/or pro- 
phylactic treatment of infections, preferably in the resp.ra- 

~* vw bacteria in particular S. pneumoniae 
tory tract, caused by bacteria, xn y — 

and/or influenzae . . 

_ ^ c nmnhvlactic and/or therapeutic treatment of in- 
7. Method for prophylactic eauu/wx v 

factions caused by bacteria, in particular pneumonia e and/or 
H. influenzae , wherein a therapeutically active amount of a 
35 protein as defined in any of claims 1-4 is administered to mam- 
,als, including humans, optionally in combination with the- 



20 
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30 



rapeutically inert expedients or nutrients, 
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8 Method according to claim 7. wherein the alpha-lactalbumin 
is administered to prevent adhesion of virulent bacteria. 

9 Method according to claim 7. wherein the alpha-lactalbumin 

5 is administered to exert a bactericidal effect on the virulent 
bacteria, 

10 Method according to claim 7. wherein the alpha-lactalbumin 
is 'administered to provide a bactericidal effect on a virulent 

10 bacteria. 

11 Method for diagnosing infections caused by bacteria, in 
particular S, Pneumoniae and/or H, influenzae, wherein a sample 
from the infected mammals, including man is extracted and de- 
termined with regard to adhesion visavi a protein as defined in 
any of claims 1-4. 

12. Method for preparing a protein according to any of claims 
1-4, wherein a monomeric alpha-lactalbumin is subjected to an 
ion-exchange chromatography. 

13 Method according to claim 12 , wherein the ion-exchange 
chromatography is carried out on a DEAE-Tris-acryl gel. 

,i,( ffl i-i wherein the eluting agent is 
14. Method according to claim u, wnerem 

NaCl having a linear gradient. 

15 Method for preparing a therapeutically and/or prophylac- 
tically active antibacterial preparation against infections 
caused, preferably in the respiratory tract by S, pneumoniae 
and/or H . influenzae , whereby a therapeutically active amount 
of multimeric alpha-lactalbumin is combined with inert expe- 
dients . 
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FIG 1 
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FIG 3 
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